Mechanical Characterization of Intracellular Structures using Fluorescently Labeled Substrates and 3D Image Analysis  by Avalos, Paula Gonzalez et al.
Figure. (A) Scheme of the measurement set up (B) A single
RBL-2 cell placed over the microelectrode cavity by
dielectrophoresis.
Monday, March 7, 2011 305aas number of legs, leg length and substrate cleavage rate can be tuned to
optimize the motor properties of the spider. We find that each of these pa-
rameters affect properties such as binding time to the track, processivity and
speed in different ways. To evaluate further the motor properties of the spi-
der, we calculated the thermodynamic efficiencies of multi-pedal molecular
spiders, and found that they are both force and time dependent. By compar-
ing our results with biological molecular motors such as kinesin, we were
able to comment on the effect of tight versus loose mechano-chemical
coupling on thermodynamic efficiency.
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Large-Scale Analysis of Neurite Growth Dynamics on Micropatterned
Substrates
Zachary Wissner-Gross, Mark Scott, David Ku, Priya Ramaswamy,
Mehmet F. Yanik.
During both development and regeneration of the nervous system, neurons
display complex growth dynamics, and several neurites compete to become
the neuron’s single axon. Numerous mathematical and biophysical models
have been proposed to explain this competition, which remain experimentally
unverified. Large-scale, precise, and repeatable measurements of neurite
dynamics have been difficult to perform, since neurons have varying numbers
of neurites, which themselves have complex morphologies. To overcome these
challenges using a minimal number of primary neurons, we generated repeatable
neuronal morphologies on a large scale using laser-patterned micron-wide
stripes of adhesive proteins on an otherwise highly non-adherent substrate. By
analyzing thousands of quantitative time-lapse measurements of highly repro-
ducible neurite growth dynamics, we show that total neurite growth accelerates
until neurons polarize, that immature neurites compete even at very short
lengths, and that neuronal polarity exhibits a distinct transition as neurites
grow. Proposed neurite growth models agree only partially with our experimen-
tal observations. We further show that simple yet specific modifications can sig-
nificantly improve these models, but still do not fully predict the complex
neurite growth behavior. Our high-content analysis puts significant and nontriv-
ial constraints on possible mechanistic models of neurite growth and specifica-
tion. The methodology presented here could also be employed in large-scale
chemical and target-based screens on a variety of complex and subtle phenotypes
for therapeutic discoveries using minimal numbers of primary neurons.
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Simulation of Membrane Protrusion on Cellular Scale using Coarse-
Grained Brownian Ratchet Model
Yasuhiro Inoue, Taiji Adachi.
Cell migration is a crucial process for many physiological and pathological
events, such as embryogenesis and cancer metastasis. During cell migration,
a lamellipodium is formed, which is a flat and broad membrane extension filled
with a dense and highly branched actin network. Protrusion of the lamellipodial
leading edge, referred to as membrane protrusion, is one of the essential cellular
activities for continuous cell migration and a mechanochemical process of ac-
tive membrane deformation driven by actin polymerization. To explain how
membrane protrusion is driven by actin polymerization, Brownian ratchet
(BR) model has been suggested on the basis of the underlying molecular mech-
anism. However, because the BR requires a priori load that cannot be deter-
mined without information of the cell shape. Therefore, to express the
membrane protrusion on the cellular scale, we propose a new mathematical
model, the coarse-grained BR (CBR), which is derived on the basis of nonequi-
librium thermodynamics theory. The CBR can reproduce the BR within the
limit of the quasistatic process of membrane protrusion, and can estimate the
protrusion velocity consistently with an effective elastic constant that repre-
sents the state of the energy of the membrane. We perform a cellular-scale sim-
ulation of migrating keratocyte in which the proposed CBR is used for the
membrane protrusion model on the the cellular scale. The results show that
the protrusion velocity decreases with increasing the curvature of the leading
edge and the stiffness of the substrate. These trends agreed with the other
experimental results. Thus, the CBR can be considered an appropriate
cellular-scale model to express the membrane protrusion and explains how me-
chanical factors affect membrane protrusion.
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Dielectrophoretic Positioning of Cells on Planar Microelectrode Cavity
Arrays (MECA) for High Throughput Patch-Clamp Measurements
Srujan Kumar Dondapati, Gerhard Baaken, Juergen Ruehe,
Jan C. Behrends.
Electrically tight sealing of cells is important for low-noise and stable patch-
clamp recordings. In situations where the application of fluid-mechanical
forces is not feasible, positioning of cells on planar electrodes is challenging.
It has been reported, however, that vesicles and cells may be positioned andsealed on mm-sized apertures by dielectrophoresis(Schmidt et al. 2000, An-
gew. Chem. Int. Ed. 39,3137 & EP 1040349B1). We have explored a similar
approach for cell positioning on microelectrode cavity arrays(MECA). 6 mm
electrode cavities in SU8 photoresist were spin-coated with a hydrophobic
coating followed by polylysine physisorption. Cell suspensions(RBL-2H3 &
CHO cells) were allowed to sediment on the MECA surface while applying
a sequence of alternating voltage pulses of ms duration. Cells were selec-
tively placed over the cavities with approximately 50% success rate. How-
ever, only moderate increases in electrode resistance were observed. We
conclude that
while dielectro-
phoretic posi-
tioning of the
cells tested here
is in principle
feasible with
MECAs, polyly-
sine appears to
be not an ideal
surface coating
for seal formation.
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Dynamics of Intracellular Signaling in Spatio-Temporally Varying Che-
motactic Gradient Fields
Boern Meier, Joachim O. Ra¨dler, Doris Heinrich.
Eukaryotic chemotaxis relies on the complex interplay of multiple signaling
networks, ensuring a robust intracellular feedback that is needed to efficiently
connect the detection of external chemical signals by the cell to its migration
apparatus. Migration relies on a circle of pseudopod retraction and extension
driven by actin polymerization, raising the question on how external signals in-
fluence pseudopod behavior.
Prerequisite to a meaningful analysis of eukaryotic chemotaxis is a spatiotem-
porally well defined stimulus. We have developed a microfluidic chamber gen-
erating large scale bidirectional gradient fields, allowing for a quantitative
description of cellular repolarization in response to a reversal of gradient direc-
tion. Time-dependent analysis of the spatial distribution of the actin polymer-
ization label LimEacc-Gfp (Fig. 1, bar 5 mm), and fluorescently labeled
chemotactic key players like PIP3 or PTEN, enables us to directly correlate
the formation of pseudopods to the detection of the external gradient in the
social amoeba Dictyostelium discoideum.
In a next step exposure of cells lacking distinct signaling proteins, to gradient-
sequences with variable
switching frequency of the
gradient direction, will
give even deeper insight
into the intertwined intra-
cellular feedback network
of chemotactic signaling
and migration in general.1656-Pos Board B566
Mechanical Characterization of Intracellular Structures using Fluores-
cently Labeled Substrates and 3D Image Analysis
Paula Gonzalez Avalos, Roland Eils, Evgeny Gladilin.
Mechanical properties of single cells and intracellular structures are of gen-
eral interest for epigenetics and medicine due to the links to a variety of
force-dependent processes, such as cell migration, division, growth and
differentiation. Irregularities in mechanical properties of the cell and the
nucleus are known to be related to severe diseases, such as cancer or the
laminopathies. Characterizing mechanical properties of intracellular struc-
tures in situ remains a challenging task, as conventional micromanipulation
techniques do not allow a direct probing of the cellular interior.
Here, we present a framework for studying mechanical properties of intra-
cellular structures that is based on planar cell stretching on a fluorescently
marked membrane. Local deformation of the substrate is precisely quanti-
fied by tracking the displacement of fluorescent labels that are connected
to a 2D triangulated mesh. Time-series of high resolution, multichannel
3D images of the stained cells are used
for assessment of intracellular strain
states. In combination with finite ele-
ment modeling of continuum mechanics,
this framework allows to relate unknown
mechanical properties of intracellular
structures to those of the known sub-
strate material.
